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CLOUD-OCEAN  MIXED  LAVER  FEEDBACK 

r  c  Chu  and  Roland.  W.  Garwood.  Jr. 

Naval  Postgraduate  School 
Monterey,  (abfnrma 


A  cloud-ocean  plancun  tarxndap  Lntr  (OPBI  I  feedback 
mrchantvn  i»  puwnttd  aid  treed  in  the*  pafcr  eater  sapoe. 
rvapnraied  from  the  ocean  surface  or  Iraiynnri  by  the  large- 
scale  w  Rrsw.  often  Inrun  convective  cloud*  under  a  cnmhtKmafly 
umuNc  lapse  rate  I  he  variable  dotal  tmir  and  rainfall  may  hare 
positive  ami  ncgslitc  feedhadt  with  the  ocran  Ruled  layer  tem¬ 
perature  and  vvktwtv  structure  Mrst,  cknah  mluce  the  ncnmsng 
mlar  radiation  at  the  ocean  *urtw  by  v  nltcnng  and  absorption, 
which  cools  (relatively)  the  ocean  turfacc  layer  by  increasing 
mixed  layer  entrainment  the  roofing  of  the  ocean  mitcrl  layer 
lowers  the  evaporation  rate,  which  win  dimmish  the  cloud*  Hu* 
is  a  negative  feedback  rncch.rni'rr.  Second,  precipilalion  dilute* 
the  surface  salinity,  stabilising  the  upper  ocean  and  reducing  mixed 
layer  deepening  I  he  mixed  layer  mny  even  he  enured  tu  'hallow 
if  the  downward  turfacc  buoyancy  flux  it  tufficicnlly  enhanced  by 
the  precipitation  Ihc  reduct  ion  in  mixed  layer  depth  will  increase 
the  tea  rorfair  tempera  lure  (SS  P)  by  concentiniing  the  net  radi¬ 
ation  pint  heal  lluxcd  downward  acrott  Ihc  «cn  xurfiice  into  « 
thinner  layer.  I  he  irvcrcate  of  SST  aiigincntt  ihc  turfacc  evapo¬ 
ration,  ivhirh  in  turn  produces  more  clouds  This  is  a  positive 
fredtsm  k  mechanism  Pig  I  shows  the  main  physical  processes 
(heat,  mats,  and  momentum  fluxes)  at  the  two  adjacent  Imundsn 
layers  the  OPBI  and  the  marine  atmospheric  boundary  layer 
(MARI  |  I  ig2  illustrates  this  positive  negative  feed  hack  mech¬ 
anism 

Strut:  cloud*  have  significant  effects  on  the  large-scale  atmo¬ 
spheric  i  in  illation  through  the  transfer  of  hear,  moisture,  and 
momentum,  and  on  the  ocean  mixed  layer  through  the  alien 
nation  of  rolar  radiation  at  the  ocean  surface,  and  tincc  the  SST 
it  an  smportanl  factor  for  the  derefapnent  of  clouds .  the  (red hark 
mccUvmtsn  rnmtatncd  above  hat  a  pntmtadly  significant  impact 
on  i he  asrsra  interact  mo.  weather  and  ocean  pmhrtion 

Ihc  coupled  model  it  onc-dmientaonal  We  art  ewarr  of  the 
•mpoitanse  of  the  borer mlal  adveetino  and  Ihc  imtatirui  of  one- 
dsnrti-<,«wl  raodc+t  However,  the  wWcnt  of  tint  work  it  to  dc- 
srkip  a  humahsm  to  examine  this  thermodynamse  feedback 
between  the  twsi  thuds  Ifaaw  we  wish  In  concentrate  on  the 
thernuxlywamr  interaction,  bonroocai  adveetinn  n  ignored  nw- 
tsally 


I  lg  I  Main  physical  processes  at  the  two  adjacent  boundary  lay¬ 
ers 
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Mg2  Feedback  mechanism  between  OPBI  and  clouds 


1  TV  Oceanic  ASxcd  laser 
2.1  Basic  rqnlkas 

Much  of  the  one -dream  wonal  theory  for  the  OPBI  or  rmted 
0  dependent  upon  the  rwhdtty  of  two  crucial  hypotheses. 
TV  fin*  of  these  is  that  vertical  mixing  within  the  turbulent 
boundary  layer  and  entrawnent  mixing  it  ns  base  oeenr  m  re¬ 
sponse  to  the  local  atmospheric  forrmg  •  tV  surface  rood  stress 
and  the  boos  Hoes  flux  at  the  sea  surface  TV  second  hypothesis 
is  that  the  mechanical  energy  budget  is  tV  key  to  the  under- 
standing  as id  prediction  of  msaed  layer  dynamics  (Garwood. 
1979) 

TV  buoyancy  flux  is  attnhuuhle  to  heal  flux,  evaporation, 
and  precipitation,  and  tV  shear  production  of  turbulence  is  at¬ 
tributable  to  surface  wind  ureex  IV  mi  ted  layer  temperature  T„ 
salinity  S„  and  depth  h  are  predicted  hy  a  simplified  form  of  the 
Garwood  (1977)  mixed  layer  model  It  is  essentially  a  "calibrated" 
Kraus  and  Turner  (1967)  model  which  it  modified  to  include 
salinity  and  advcction: 


di 

-  =  r.,)  -  -SlegL 

t'Sp 

(i) 

rlf 

=  -  wj,s,  -  s.„)  +  <*  -  p,)S, 

(21 
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where  h  is  the  mixed  layer  depth,  c<‘>  is  ihc  water  specific  heat 
under  constant  pressure,  p.  is  the  characteristic  water  density,  E 
is  the  surface  evaporation  (m's),  P.  is  the  precipitation  rate  (m/s), 
and  h',  is  the  entrainment  velocity  parameterized  as  (Chu  and 
Garwood.  198R): 

(C,  J  -  CjBJt) _ 

'  j?A[*<r,  -  T_„)  -  fi(St  -  S_A)] 

where  u.  is  the  water  surface  friction  velocity,  which  is  computed 
by 


*  =  (cn-~^)n5|^h  (4) 

where  ('„  is  the  drag  coefficient ,  taken  as  0.(101,  |lf|  is  the  wind 
sperd  at  a  10  m  height,  />,  is  air  density  near  ocean  surface,  and 
P.  is  the  sea  water  density,  for  a  wind  speed  of  10  m{. t, 
u.  ~  I  I  cm/,1,  Tor  the  case  of  an  ocean  surface  without  ice  (low 
and  middle  latitudes)  the  surface  buoyancy  flux,  W„,  has  two 
components: 

Ai-~  -ME-P,)S,  (5) 

Pw<y 

Here  a  is  the  water  thennal  expansion  coefficient,  and  fl  is  Ihc 
salinity  contraction  coefficient 

The  effects  of  clouds  nn  Ihc  buoyancy  flux  at  the  ocean  sur¬ 
face  are  two-fold:  (1)  decreasing  B.  through  the  increase  in  the 
net  heat  loss  at  the  ocean  surface,  Fr),.„ ,  by  reducing  the  incoming 
solar  radiation,  and  (2)  increasing  B,  due  to  precipitation. 

'Ihc  surface  heat  flux  ,/-V|_(  (upward  positive),  is  computed 
by 

^Vtn-i )=/?(,— ft,  +  f.pw/f  4 //,  (6) 

Here  R,  is  the  incoming  solar  radiation  absorbed  by  the  ocean 
surface,  /?A  is  the  net  energy  loss  from  the  ocean  surface  through 
longwave  radiation,  I.  is  the  latent  heat  of  vaporization  of  water, 
//,  is  the  sensible  heat  flux  to  the  air.  Ihc  variables  '/  ' ,  and  ,V_A 
are  the  temperature  and  salinity  of  the  water  immediately  below 
the  mixed  layer  that  is  to  be  entrained  into  the  mixed  layer  The 
standard  bulk  formulae  arc  used  to  calculate  the  surface  evapo¬ 
ration: 


z  =  P.cn |  i^llAfO  -  ^Vo..  <7n) 

and  the  sensible  heat  flux  from  the  ocean  surface: 

Hf  =  P^'cD\\%\T,-rM)  (lb) 

where  $,(T)  is  Ihc  saturated  mixing  ratio,  and  T,„  is  the  air  tem¬ 
perature  near  the  ocean  surface. 

The  time  rate  of  change  in  mixed  layer  depth  is  computed  by 


where  tv. ,  is  the  upwclling  velocity  at  the  bottom  of  the  mixed 
layer  In  order  to  strive  these  equations,  we  should  compute  each 
term  in  the  surface  heal  and  salinity  fluxes 

2.2  C  loud  efTeets  on  the  net  radiation  at  (lie  ocean  surface 
Clouds  reduce  the  solar  radiation  upon  the  ocean  surface  by 
scattering  and  absorption,  which  is  computed  by  Ifudyko's  ( 1178) 
formula 

R,  =  [ 1  ~  -  ».io( I  -  <9) 

Here  /?,„  (3411  W  m  *)  is  the  solar  radiation  absorbed  by  Ihc  ocean 
surface  layer  under  a  clear  sky.  'Ihc  parameters  i„  and  y„  repre¬ 
sent  albedos  of  Ihc  earth-atmosphere  system  with  complete  cloud 


cover  and  a  cloudless  skv  respectively,  anil  have  the  following 
values: 

=  n.46,  =  n.2 

Ihc  ocean  surface  emits  longwave  radiation  to  Ihc  atmos¬ 
phere  and  to  space.  However,  clouds,  as  well  as  dry  air,  partially 
absorb  the  radiation  and  rc-cmit  longwave  radiation  back  to  the 
ocean  surface.  Thus  the  net  upward  energy  loss  hy  longwave  ra¬ 
diation  at  the  ocean  surface,  R„  is  corrected  for  the  downward 
radiation  by  the  clouds  and  Ihc  air  From  longwave  radiation 
data.  Hudvko  (1978)  derived  a  scmi-cmpriral  formula 

R/,=  a  +  bT  —  (<>|  +h,)n  (10) 

The  dimensional  coefficients  a,  ft,  «,  ,  and  ft,  are 
a  -  -377.6  U  rn-3,  6  -  2.2  II 
a,  -  -389.8  Ifm-3,  ft,  -  1.6  Il'nT3*"' 

3.  Time  Rate  of  Change  of  the  flood  Cover 

I  hc  time  rate  of  of  change  of  cloud  cover  is  assumed  to  be 
proportional  lo  the  moisture  supply  divided  hy  the  amount  of 
water  vapor  necessary  to  produce  the  model  cloud  Ihc  main 
processes  causing  the  cloud  dissolution  are  precipitation  and  mix¬ 
ing  with  the  environmental  air.  The  cloud  evaporation  due  to 
mixing  with  ambient  air  is  a  complicated  problem,  and  neglected 
for  the  sake  of  simplicity  in  this  paper,  Ihus  the  equation  for 
cloud  cover  is 


dn  Wa  +  E ~  fy)  .... 

til  IT 

where  If'  is  the  total  amount  of  water  vapor  needed  to  create  the 
cloud  over  a  unit  area  The  large-scale  horizontal  moisture  con¬ 
vergence  in  the  column  of  atmosphere  per  unit  area  is  denoted 
From  mean  distributions  of  temperature  and  mixing  ratio  in 
the  environmental  air  and  inside  a  deep  cumulus  cloud  (Kuo, 
1965).  wc  estimate  that  IT 5  cm  Fqs  (I),  (2),  (3),  (8).  and  (1 1) 
arc  the  basic  equations  for  Ihc  air-ocean  coupled  system 

4.  Relationship  between  Precipitation  Rate  anil  flnml  finer 

Hy  linear  regression  with  use  of  hourly  rain  amounts  and 
satellite  IR  brightness  measured  during  Phase  I,  II.  and  III  of 
GA  IT,  Albtiglil  ct  al  (19851  presented  a  linear  relationship  be¬ 
tween  average  precipitation  rate  P.  in  boxes  I  5"  (168  km)  on  a 
side  and  cloud  cover  n  of  the  boxes  by  clouds  with  tops  colder 
than  -36*  f  The  relationship  is 

tyreT1)- ((1.472  +  8.333/1)  x  Iff7  (12) 

This  result  coincides  with  Arkin  (|979)'s  earlier  analysis  during 
GA  FF  over  the  n -scale  array. 

5.  Mean  Stale  and  Perturbations 

Mean  state  of  the  coupled  cloud-OPBI .  system 
(7t.  A.  E,  P,.  w.)  is  obtained  by  the  zero  time  rate  of  change  in 
the  prognostic  equations  (I).  (2).  (R),  and  (II).  The  mean 
entrainment  velocity  iv,  can  be  obtained  from  (3) 

_  r,u?  -  CjV1 

M>--  -  <l3) 


where 

AI'  =  K(mAT  -  (IAS I 

is  the  reduced  gravity,  and  A7'aml  AS  arc  the  mean  temperature 
and  salinity  jumps  at  Ihc  bottom  of  ihc  mixed  layer 

AT=7X-T.h,  A  S=S,-S_h 
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When  the  coupled  system  is  perturbed  from  its  mean  state, 
the  thermodynamic  feedback  mechanism  between  the  cumulus 
clouds  and  Ihc  oceanic  mixed  layer  makes  the  perturbation  cither 
grow  (positive  feedback)  or  dampen  (negative  feedback).  Ihc 
principal  purpose  here  is  In  study  thermodynamic  feedback 
mechanisms  between  clouds  and  the  oceanic  mixed  layer,  lienee 
the  energy  exchange  at  the  air-ocean  interface  is  a  primary  focal 
point  Therefore,  we  shall  neglect  initially  the  perturbations  of 
those  variables  which  are  not  directly  trialed  to  the  exchange  at 
the  air-ocean  interface.  Wyrtki  (1181)  estimated  that  the  mean 
upwclling  in  the  equatorial  Pacific  ts  around  I  ml  day.  Climatic 
data  also  indicates  that  Ihc  mean  evaporation  and  precipitation 
rates  are  on  the  order  of  1  rn/,vr  (3.17  x  ID  Vw  ').  The  direct 
contributions  of  evaporation  and  precipitation  to  the  change  of 
mixed  layer  depth  are  neglected,  compared  to  the  contributions 
doc  to  upwclling  and  entrainment 

The  pcrtmb.itions  satisfy  the  following  equations: 


»',A7  - 


r»Aw> 


(14) 


The  constants  j  and  m  arc  defined  by 


(>Pr  4“’* 

^  m=^r'R’5 


Using  (1 1)  we  have 


y  =  8.333  x  Ifr'W 


(23a) 

(23ft) 

(23c) 

parameters  3.  and 


Ri  is  the  Richardson  number 


In  this  paper  Ri  is  taken  as  10*.  The  two  model 
x  arc  defined  by 


I  dfyi 

gW  Pn 


(24a) 


which  is  the  dependence  of  the  surface  buoyancy  flux  change  on 
cloud  cover,  and 


*gA  T 
Aft 


(24ft) 


ft  ~  -  -  RLa-T,  -  w\as- +(/T-  rr)S',  +  sjp  -  r\)  (15) 


which  is  the  fraction  of  the  mixed  layer  hase  density  jump  induced 
by  temperature  to  the  total  density  jump. 


dn' 

ill 


iv  <r  r\) 


(Ift) 


PI,' 

Pi 


(|7) 


w'fAft  =  -  -  ft.?,)  -  C,  -g-  h' 

H 

+  ^  +  -  r')  +  mE  -  w j  ( I 

Tliminating  ft',  a*',,  F‘,  P‘,  ftxnn  ( I4)-(18)  and  neglecting  Ihc  small 
terms,  we  get  the  following  fourth  order  equation  far  each  vari¬ 
able: 

+  +  +  +  <l9> 

where 


4'=ftS\-*  7\ 


W 


6.  Instability  and  Oscillatinn  Criteria 

The  general  solutions  of  (W)  have  the  following  forms: 

4>‘U)  ~  Zdj  exp('T,!),  n'(t)  -  £e/exp(rt^)  (25) 

where  dr  e,  (j  =  1 ,2,3,4)  are  the  integral  constants,  and  n,,  it,,  at, 
and  rr4  are  Ihc  eigenvalues  which  are  the  roots  of  Ihc  fourth-order 
algebraic  equation. 

er4  -t-  n1  srJ  -*-  <jjrr3  +  ti}*  t  —  0  (26) 

Tor  the  purpose  or  a  preliminary  sensitivity  analysis  only  ic  and  I 
arc  allowed  to  vary,  depending  on  observations.  Other  parameters 
are  given  constant  values  listed  in  Table  I.  By  the  definition  of  l 
(24a)  and  the  estimations  of  y  (23b)  and  Budyka  s  formulae  (8,9) 
we  can  estimate  the  value  of  i  as 

2~0.45x  I0~V  (27) 

which  indicates  that  2  has  an  order  of  10  '<  1  Therefore  in  this 

paper,  2  varies  from  —  10  V  to  10  *,»  1  It  is  reasonable  to  let  x 

vary  between  — 10  to  10.  The  case  of  x  =  I  means  that  salinity  is 
homogeneous  across  the  mixed  layer  hase. 

The  instability  criteria  for  the  thermodynamically  coupled 
air-ocean  system  are 


t. 


(C1+-L)2  +  ^l 

pc  ”iT/TU 


+( 


Tr  Rir,  1  W 


ffrfrr) 


<  0  decaying 
=  0  neutral, 


C,  mi. 


ci  ,  ,  2  >  1 


1  r„,r„  1  *  '  Hhftf  Rit,  ^  tr  +  nv 


IC 


^  I  -  •  Tui  y 

<’.t=>— 1 —  [--r -i  +  C  +  ^-^j  ~]  (20) 


Here  three  constants  arc  time-scales  of  internal  motion, 

ocean  turbulence,  and  surface  evaporation  defined  hy 


wherc 


■  M  >77'  A  ' 
rr 


i  </>/,(  7;> 


dt 


=  0.5x10  smr't27? 


’  >0  growing  (28) 

where  <7  is  the  root  of  the  fourth-order  equation  (26)  The 
oscillatia  criterion  for  the  coupled  system  arc 

(•»  0  mmoicil/atory 

£  0  or  dilatory  (29) 

We  compulc  all  roots  of  (26)  for  different  values  of  the  pa¬ 
rameters  X  and  2,  and  obtain  four  roots  at  each  points  of  the  pa¬ 
rameter  space  (x,  2  ).  Two  roots  among  the  four  have  negative  real 
parts  throughout  Ihc  whole  parameter  space,  representing  the 
damping  modes,  in  which  we  arc  not  interested  here.  Hie  other 
two  roots,  n,  and  have  positive  real  parts  somewhere  in  the 
parameter  space,  representing  the  existence  of  growing  modes  in 
certain  parameter  ranges 
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Table  I  TV  Tablet  of  the  model  immtm 
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Pp 

1.29A*/m‘ 

C, 

1.0 

1  vV\ 

10  m/.r 

Pw 

1035  Ag/m' 

c, 

02 

T, 

wre 

a 

0.2  x  I0'V  1 

«* 

10"* 

$ 

Kglkx 

I 

08  x  10"’ 

w 

Vxi 

S 

50m 

c 

s 

05 

»-a 

tmfdar 

Fig.1  shout  the  online*  of  (a)  f^e,)  end 
(b)  |/m(rt|)l  in  the  (*,  i)  plane  fig  4  indicate*  I  lie  tvilincs  of  (a) 
flc(O))  and  (h)  |/in(n,)|  in  the  («,  i)  plane.  Doth  the  real  purl 
(growth  rate)  anil  the  absolute  value  of  the  imaginary  part 
(periodicity)  of  the  mot*  «„  n,  ihow  saddle  type  distributions 
Several  interesting  results  from  l  ift  t  and  4  are  uimmarurd  a* 


falon 

I  A  necessary  cixafaajo  (nr  the  generatem  of  growing  modes 
which  can  be  «em  from  thr*e  figures,  is 

•J  >0  (30) 

This  implies  that  if  the  surface  water  ts  warmer  (cooler)  than 
the  deep  water,  i.c.,  a  >0  («  <  0),  the  growing  mode*  arc 
evened  In  this  case  that  the  surface  buoyancy  flux  increase* 
with  increasing  (decreasing)  cloud  cover. 

2.  If  the  damping  mode*  are  ignored,  the  two  eigenvalues  a, 
and  «i  exhibit  The  similar  properties  The  growing  mode*, 
a,  and  arc  further  separated  into  oscillatory  and 
noncwriBatory  modes.  The  cnodmrw  for  this  separatum  is 
appro  uraaScly  pna  by 


■i 


<  A  Omilstnry 


>  A  Snruiidlhitiiry 


(31) 


a 


where  A  is  a  positive  number  of  about  2  *  III  *.t 

C.'ombining  (30)  with  (31)  and  using  (24a).  the  neecs. 
vary  condition  for  osciftatnolv  growing  mndrs  is 


Jf5>0  (32) 


(A) 

fig  '  Distribution  of  eigenvalue  <i  in  the  (*.  > )  plane  for  standard 
caw  (unit  in  10  •)  fa  i  Ret«,).  fn)  llmln.y 


and  the  condition  foe  the  aonosedfatnedy  growing  modes  it 

0i) 

p*ep 


The  propertie*  of  thermodynamic  instability  of  the  coupled 
system  depend  largely  on  the  relationship  between  precipi¬ 
tation  r.  and  the  cloud  cover,  and  on  the  relation dtip  be¬ 
tween  net  radiation  at  the  ocean  surface  and  the  doud  cosier 


3  The  product  of  the  two  parameters  ■  and  i  represents  the 
relative  strength  of  positive  to  regain  r  feedback  When  ■  i 
is  larger  than  the  critical  value  A.  the  positive  feedback 
greatly  exceeds  the  negative  feedback  The  coupled  system 
becomes  nonosnllatory  and  growing  When  k)  is  positive 
and  smaller  than  the  cnlical  value  A,  the  positive  feedback 
slightly  exceeds  the  negative  feedback.  The  coupled  system 
is  oscillatory  and  growing  When  *4  is  negative,  the  nega¬ 
tive  feedback  exceeds  the  positive  feedback.  The  coupled 
system  becomes  damping  Comparing  fig  4  with  fig  3,  we 
find  that  for  the  osdllatonl)  growing  mode*  the  two  roots 
have  the  same  growth  rate  and  frequency  llouevrr.  for  the 
oonoiciBatacily  growing  modes  the  growth  rale  relating  to 
the  eigenvalue  a,  is  much  larjrr  than  that  relating  to  v, 


4  For  the  oscdlalarih  growing  modes,  the  growth  rage  «,  has 
the  order  ofOJx  10  V*.  and  ,*j  las  the  order  of  10  ’j  V 
The  corresponding  period  for  the  osofUlxin  it 


Tm 


2yr 


(.34) 
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7.  Sensitivity  nl  <t„  |«,|  la  i  and  * 


In  order  In  investigate  the  dependence  of  n,  ,md  |<»,|  on  the 
parameters  »  and  i  ,  we  plot  |ir„|.  |«r„|  versus  J  at  five  itif- 

fetrnt  values  of  «  (a  =  I,  s,  10.  — S.  - 10).  and  taking  the  same 

values  for  the  parameters  ns  m  Table  I  Ihe  results  arc  listed  he- 

low. 

I  1%  S  leprrsents  the  ease  for  «r  —  I ,  i  c„  the  ease  with  no 
salinity  jump  at  the  mixed  layer  base  I  he  identity  of 
("in  I"n0  lo  ("j,.  |«j.l  I  means  the  two  eigenvalues  ate  com- 
pies  conjugates  fig  5  shows  that  the  growlh  rate  a  is  a 
“nearly  increasing  funclion  of  i  from  =  -0  J  x  |0  ’r  ' 
(damping  mode)  ftir  i  =  -  10  *x  •  to  n,  »  0  5  x  10  'i  ' 
(growing  mode)  foe  i  -  0.5  x  10  •  Die  frequency  |  ej 

decreases  almost  linearly  with  i  from  j»J  =  I  7  x  10  T  • 

( I  2  year  pmnd)  for  i  =  -  10  *t  '  m  \«  -Ott  x  10  'i  ' 

( 2  1  year  penod)  for  i  =■  0  5  x  10  *t 

-  11*  dependence  of  growth  rates  and  frequencies 

;'s|Ofl  (  for«  =  5  and  «  —  10  is  depicted  in  1'igO  The 
saluc  of  «>  monotmacaih  increases  with  >,  whereas  «,  has 
*  ""fk  f*»k  which  n  around  0  S  x  10  ’r  and 
MisnptntKaDy  tends  to  mo  as  i»  -os  Ihe  necessary  con- 
Ation  (nr  the  grossing  oscAatsnn  is 

0<1<4  (J5) 


where  i.  -  *  s>  a  critical  value  foe  i 


I  Sewssihsls  of  •„  |sj  Id  *r  4 


lo  understand  Ihe  dependence  of  ».  and  |«  on  the  mean 
vertwal  vebscity  at  Ihe  mised  byes  base.  »,« rompute  the  tools 
of  (2h)  by  us  mg  the  same  nines  foe  the  parameters  ,i«  previous 
two  sections  eserpt  for  ir  which  is  changed  In  two  allrmate 
values  w  ,  -  0  2  ml  thy  (weak  upwcfling  case)  and  »  ,  -  Zm/dav 
(slnmg  upwelkng  case). 

I  he  mam  trsults  arc  that  the  grow  th  rate  and  Ihe  frequency 
of  the  criirpted  system  are  strongly  affected  hy  the  vertical 
ndveclion,  and  Ihe  latgcr  the  iv  ,  .  the  lugger  the  value  of  n„  and 
the  higliet  Ihe  frequency,  |n,| 


ificrV1) 

w 


(fbf  6  1  ^pnndrncc  of  (rr„.  |«J)  anil  (<rv,  |i»,,|)  on  1  for  la)  x  =  S, 
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9.  (  ondiniam 

A  cnuplcd  cloud-OPBt  thermodynamic  model  has  been 
presented  This  model  demonstrates  tbr  positis-e, negative  feed- 
beck  mcduniwH  hctsscen  ckmh  and  ocean  meed  layer,  mclud 
mu  salinity  effect*-  The  theory  predicts  the  fnentni  of  hscnnsal 
portin'  oscillations  at  typical  nnjrs  of  initial  stales  in  the  tropical 
ocean  and  atmosphere  srbkh  may  provide  a  new  etpUnalam  lor 
the  low  frequency  w  iff  at  ion  m  the  alunnphere  and  Minn 
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